Abstract. In a time in which a significant amount of interpersonal interactions take place online, one must enquire to which extent are these milieus suitable for supporting the complexity of our communication. This is especially important in more sensitive domains, such as the one of Online Dispute Resolution, in which inefficient communication environments may result in misunderstandings, poor decisions or the escalation of the conflict. The conflict manager, in particular, may find his skills severely diminished, namely in what concerns the accurate perception of the state of the parties. In this paper the development of a rich communication framework is detailed that conveys contextual information about their users, harnessed from the transparent analysis of their behaviour while communicating. Using it, the conflict manager may not only better perceive the conflict and how it affects each party but also take better contextualized decisions, closer to the ones taken in face-to-face settings.
Introduction
The surroundings or the circumstances in which a given event or occurrence takes place is known as Context. It allows one to correctly understand and interpret said occurrence. Taking the field of linguistics as an example, context may refer to the set of information that is relevant to fully understand a text. This information may be very varied and include the identity of things named in the text (e.g. people, places) as well as many other aspects such as birth dates, geographical locations or temporal location. In fact, different contexts may provide completely different interpretations for the same text. Although most of the times in an unconscious way, in our daily living we constantly rely on contextual information.
The importance of Context goes as far as shaping ourselves and who we are. The knowledge acquired in the ongoing process of learning that is our life after all, comes with a strong social, cultural and physical context [2] . This bound is so strong that cognition cannot be separated from context, i.e., knowing is inseparable from activity, people, culture, language or time.
In its early days, context was much focused on the issues related to user location, encouraged mostly by the rapid emergence of mobile devices and applications who could make particular use of this information [20] . The hype revolved around applications that would provide services personalized according to their user's location. Nevertheless, in the last years the notion of context has widened significantly, and now refers not only to where the users are but also to who the users are, what the users are doing, when they are doing it and with who they are doing it. All this information allows the system to infer why the users are doing it and this is essential in the task of providing personalized, meaningful and useful services.
These novel and increasingly complex contextual models provide the support for applications that are able to adapt interfaces, improve information retrieval techniques, target services more efficiently or use implicit user-interaction techniques [9] .
Given the contextual richness of today's environments, information about users' context can be acquired from many different sources: from the objects the user is interacting with (e.g. title or topic of an e-book being read), inferred from the activity being performed (e.g. nature/objective of the activity), provided explicitly (e.g. social tagging, comments, bookmarks) or can be acquired from hard or soft sensors, just to name a few examples.
The potentialities of using information describing the user's context are also wide. Indeed, Many applications have already been developed that build on such notions to provide high-value and innovative services. Most of them are based on learning the patterns of the users on the environment, their preferences and their habits. This is fundamental in order for personalized services to be provided [4] .
A good example of this is Magitti: an activity-aware leisure guide running on a smartphone [7] . It is essentially a recommendation service that has a model of the preferences of the user. This model is continuously built from their current situation or their past behaviours. This allows Magitti to infer the current activity of the user in order to filter and rank information items that may be of interest.
Under a different perspective, the Hearsay service developed as part of the GLOSS project [29] allows users to pick up small notes left for them in the environment. It makes sure users will find the message only in a correct context (e.g. right person in the right place at the right time). The same approach is applied to other applications, providing a structured link between environment and behaviour to improve utility and usability [19] .
Other projects have also focused on acquiring contextual information from the observation of the user. [11] claim that user interactions with everyday productivity applications (e.g. word processors, Web browsers) provide rich contextual information that can be leveraged to support just-in-time access to taskrelevant information. Besides discussing the requirements for such systems and developing a general architecture, the authors present Watson, a system which gathers contextual information in the form of the text of the document the user is manipulating in order to proactively retrieve documents from distributed information repositories.
There is also a marked interest on the use of context-aware computing in the medical field, particularly in alleviating the tasks of medical practitioners or on supporting patients. [5] presents the design of a context-aware pill container and a context-aware hospital bed, both of which react and adapt according to what is happening in their context. The system is able to, among other tasks, point out the location of the correct medicine to take or verify if it is the correct patient receiving it.
On a different field, [34] define an innovative communication framework that incorporates Augmented Reality techniques. Users can dynamically attach newly created digital information such as voice, notes or photographs to the physical environment, through wearable computers as well as normal computers. Attached data is stored with contextual tags such as location IDs and object IDs that are obtained by wearable sensors, so the same or other wearable users can notice them when they come to the same environment. The approach implemented has a role that is similar to the one that Post-it notes play in community messaging.
A particular interest lies also on the development of context-aware systems that can be carried by the user, generally in small devices such as smartphones or video cameras. This is empowered by the functionalities and potential of current mobile devices, rich in sensors, computational power and communication capabilities. [31] address the challenge of organizing our ever-growing collections of digital photos, consequence of the enormous rise in popularity of digital cameras. To achieve it, the authors developed the MediAssist project, which uses date/time and GPS location for the organization of personal collections. The project retrieves photos of known objects (e.g. buildings, monuments) using both location information and content-based retrieval tools from the AceToolbox, allowing to improve information search and retrieval when compared to more traditional approaches.
Contextualizing Conflicts
As detailed in the previous section, Context-aware Computing has been used for many different purposes in the last years. Nonetheless, no initiatives can be found at the moment that use such approaches in the domain of conflict resolution.
After acknowledging this fact our research team, with a strong background on Ambient Intelligence, decided to tackle this challenge. In the last years we have been taking steps towards the development of a context-aware conflict resolution platform that can not only provide personalized and proactive support but also be sensitive to the state of the users. This section describes some of the approaches implemented that allow software agents and human parties to contextualize and fully understand a conflict.
In fully understanding a conflict, one of the most challenging tasks is to realistically perceive the boundaries of the case, i.e., which outcome would be realistic and relatively consensual and which outcome would be nonsense. In order for parties to build a realistic view on the conflict, they must be aware of a few notions such as the boundary possibilities (the best/worst possible cases) as well as the most likely outcome, according to the characteristics of the case, the norms or past experiences. In this sense, a case-based approach was developed [3] that computes the values of concepts such as the BATNA (Best Alternative to a Negotiated Agreement), WATNA (Worst Alternative to a Negotiated Agreement), MLATNA (Most Likely Alternative to a Negotiated Agreement) or the ZOPA (Zone of Possible Agreement) [30, 22, 39] . With these values parties can realistically frame their conflict and understand what their possibilities are.
Nonetheless, one of the best ways for someone to understand a present event that is taking place or going to take place in the future, is to analyse a similar event that took place in the past, under a similar context. In Computer Science, the field of Case-based Reasoning deals with approaches that are based on this notion. In this field, a case represents a past experience, teaching a past lesson, properly contextualized [26] . Depending on the domain of application, a case should contain a description of the state of the world when the event occurred (i.e. the problem description), the derived solution for the problem and/or the achieved outcome (i.e. the description of the state of the world after the case occurred) [18] . The individual can analyse the past event, with all its characteristics and within its contextual framework to fully understand it. Then, he will be in a better position to understand a similar event that may occur in the future.
The analysis of past cases is also of interest in the domain of conflict resolution. Disputant parties involved in a conflict resolution process may leverage on past cases, under a similar context, to better perceive the present. This allows the parties to calmly understand the important aspects of the past cases, being better prepared to fully understand their own and gaining a more realistic and objective view on the case. For example, if a given party is too greedy but notices that the outcome he desires has never happened in the past, he may conclude that such outcome is unlikely and even unrealistic. He may then reconsider his objectives and go for a more middle-ground solution. In order to achieve such objectives, case-retrieval approaches have been implemented by our research team that provide parties with an intuitive way to perceive their conflict and their chances in the conflict through the analysis of past similar cases [12] .
Another very important aspect when contextualizing a conflict is the personal conflict handling style of each individual: it determines the expected behaviour of an individual before a conflict. Each individual has their own style, which may however vary according to variables such as the identity of the other parties, the nature of the conflict, or even the level of escalation of the conflict. Knowing the conflict handling style of the parties is especially important for the mediator, who can better prepare the strategy for the resolution of the conflict. Gathering and providing evidence about the party's conflict handling style may also be used by the mediator as a way to put pressure and to lead the parties into changing an undesired behaviour: a mediator may show to a party that he is being an obstacle to the successful resolution of the conflict by being too greedy or competitive. We have addressed this issue by devising an approach to infer the conflict handling style without the use of the traditional questionnaires. We rather look at the proposals exchanged by the parties during the resolution of the conflict and, framed in the boundaries of the case, build a notion of how greedy, cooperative or benevolent the parties are [3] . All this is done in real-time and in a non-invasive way, providing the mediator with very important contextual information about the case and the parties.
In seeking to contextualize a conflict an its setting, the level of escalation should not be forgotten. It describes how confrontational, violent, painful or "less comfortable" a conflict is. Desirably, parties involved in a conflict are in a cooperative and compliant state. However, in general this is not the case. If not adequately managed, the conflict may escalate to increasingly worse states, in which individuals passively or actively resist to proposals or commands, with the aggravating of the escalation potentially resulting in violence. Therefore, it is mandatory that the conflict manager is able to perceive signs of escalation of the conflict. Typically he can do so through cues such as the tone of voice, signs of inflammatory speech, gestures, body postures or the use of particular words. It is the responsibility of the mediator not only perceives these signs but to act in order to prevent the conflict to escalate further. Nonetheless, this may result particularly difficult in an online setting, as the mediator lacks the non-verbal cues that show how a person is feeling. Thus, alternatives should be devised that can inform the mediator of the level of escalation of the conflict when he is not meeting the parties face-to-face.
One of the possible approaches, prototyped by our research team in the last two years, does so by measuring the level of stress of the participants. Stress is a universal phenomenon that affects virtually our whole life. Low levels of stress make us soft, depressive and with lack of motivation, while continued high levels of stress may result in exhaustion and breakdowns [14] . The resolution of a conflict may be a particularly stressful process for many reasons, including the potential emotional charge (mostly when the parties had a prior relationship that may affect the process), the significant amount of gains or losses involved, the fear of the novelty or the unknown, mostly when parties engage in such a process for the first time. In the short-term, high levels of stress lead to cloudedmind, poor decision-making, irritability, lack of judgement or violence. Failing to control these effects may jeopardize the whole conflict resolution process and even the relationship among the parties involved.
It is thus important that the mediator is able to perceive signs of stress evidenced by the parties, and act accordingly in order to mitigate its effects by performing the necessary changes in the conflict resolution process. In this sense, an approach was developed by our research team that quantifies the level of stress of an individual from the analysis of their interaction patterns with common technological devices such as smartphones or computers. It is a noninvasive and non-intrusive approach that does not rely on questionnaires but on the sheer observation of the individual's behaviours [14] . Further details on this approach are given further ahead.
A similar approach is used to quantify the level of fatigue of the individuals [32] . Fatigue is a particular feeling of tiredness in which individuals experience lack of energy, lethargy or languidness. Two main forms of fatigue can be identified: physical fatigue, which defines a temporary physical inability of a muscle to function normally, and mental fatigue, which is the temporary inability to maintain optimal cognitive performance. Both types of fatigue have their negative consequences. However, in the context of a conflict resolution process, mental fatigue may be more disturbing.
Mental fatigue may be caused by sleep deprivation, long periods of work, mental stress or over-stimulation, among others. A mentally fatigued individual will have a reduced cognitive capacity, namely in terms of memory, attention and decision making. A fatigued individual participating in a conflict resolution process may take poor decisions, be unable to keep up with the process or even become irritable and uncooperative. It is therefore important that the mediator is able to detect early signs of fatigue through the behaviours and attitudes of the parties and act accordingly, namely by making pauses or by rescheduling the continuation of the process. Once again, the mediator is responsible for detecting such signs and warn the parties or take actions that prevent them from taking bad decisions, such as making a pause or resuming on another time. On the other hand, parties themselves could profit from some kind of notification, provided directly by the platform, letting them know that they may not be in their best shape to take binding or relevant decisions.
To sum up, in order to properly contextualize a conflict and its resolution, we look at its important boundary values, at past similar cases, at the conflict handling style of the parties and at the levels of stress and fatigue of these same parties. All of this is incorporated into a single conflict resolution platform, designated UMCourt. Moreover, all this information is compiled in a non-invasive and non-intrusive way, in line with the Context-aware Computing philosophy. While some of these aspects have already been addressed in detail in the past, the quantification of stress and fatigue, by being the most recent, innovative and interesting, are detailed further ahead in this paper.
Traditional Approaches on Context Acquisition
Stress, fatigue or emotional state are extremely important in describing the inner state of an individual, which ultimately affects all their conscious and unconscious actions and decisions. These personal, subjective and conscious experiences have known effects at the level of psycho-physiological expressions, biological reactions, mental states, mood, temperament, disposition, personality, motivation and, ultimately, health and well-being. Hence the significance of their study, which is very complex, involving fields such as psychology, philosophy, neurology, physiology, or medicine.
Traditionally, two main approaches may be followed to study such phenomena. The field of psychology relies more on the use of questionnaires or surveys, whereas the field of medicine relies on different kinds of sensors. Each of these approaches has advantages and disadvantages of their own.
Surveys are generally seen as a cost-effective way of gathering large amounts of information. They do not require much effort from the researcher and often have standardized answers that make it simple to compile data [1] . They are eminently practical and may be carried out by the researcher or by any other person without significantly affecting its validity and reliability. However, surveys also suffer from a number of problems that go beyond the traditional ones related to question constructing and wording [33] . Namely, surveys are particularly inadequate to understand some complex issues such as emotions, behaviours or feelings. They are based on the individual's perception of rather subjective perceptions such as good, poor, high or low. People can also hide information, lie voluntarily, or unconsciously depreciate/overvalue certain signs [28] . It is nearly impossible for the researcher to detect such behaviours. Finally, when developing the questionnaire or survey, researchers make their own decisions and assumptions as to what is or is not important. Even if the individual finds some aspect of importance, they may not express it if it is not mentioned in the questionnaire or if it is not mentioned appropriately.
The medical field developed a highly accurate approach on the problem, based on a wide range of different sensors that measure changes on physiological or neurological features of the human body, affected by fatigue, stress or emotions. Currently, one of the most accurate indicators in use is cortisol [38] , measured in the saliva, hair or blood. It is particularly useful to measure the level of stress of human beings, since this hormone is released in response to this symptom.
Other approaches on the problem may also be followed using other sensors or combinations of sensors. The Galvanic Skin Response measures the electrical conductance of the skin, which varies with its moisture level. This is of interest since the sweat glands are controlled by the sympathetic nervous system, so skin conductance is used as an indication of psychological or physiological arousal, which may happen due to stress or fatigue. The temperature of the skin, the hearth rate, or the respiratory rate are also key indicators for the study of stress or emotions [6, 23, 24] . In particular, hearth rate variability, the physiological phenomenon of variation in the time interval between heartbeats [10] , has been used increasingly to study stress as it is highly related to it [8] .
The significant emergence of biofeedback tools in the last years is also noteworthy. They provide combined feedback about many of the body's functions, using instruments that analyse brainwaves, muscle tone, skin conductance, heart rate or pain perception [37] . The study of brainwaves is particularly interesting as it provides clues about the inner state of an individual, in aspects such as fatigue, stress level, arousal or emotional state. Additionally, biofeedback tools can be used to improve certain aspects or habits of the daily living, as they allow perceiving changes in the body and mind affected by such habits [27] .
In general, such sensor based-approaches can be deemed highly accurate and are used not only to assess the state of individuals, but also as a base to perform medical treatments and interventions. Their use is thus unquestionable and unparalleled in the medical arena.
Nevertheless, in the context of this paper we must look at both approaches, questionnaires and physiological sensors, from the point of view of someone who intends to build a context-aware conflict resolution platform. Thus, one must ask to which extent are questionnaires or physiological sensors suitable approaches to assess the user's state in a Virtual Environment. We argue that they do not constitute suitable approaches. Let us look at both approaches and their potential disadvantages.
When individuals use questionnaires to describe themselves and their behaviour, they sometimes do not fit in any of the four answers of the multiple choice question. They may choose not to answer, or select the option they may think to be closest to what they would do. Moreover, they have doubts quantifying some of the other answers. While some of the concepts used, such as never or always, are easy to understand, others such as often or occasionally are unclear. Additionally, the individuals that undertake this process end up behaving differently when the process is under its way. Indeed, they may assume that they are going to act in a given way while they are filling in the questionnaire, but, under the pressure of the proceedings, individuals may behave in a different way.
When the same individuals use physiological sensors, they are not comfortable or are even refusing to use sensors to which they are connected constantly, seriously limiting their movements. Moreover, they may not be entirely sure about which information will be collected and what it will be used for. Hence, they are reluctant and the sheer use of such devices seems to stress them and to deflect their attention from the conflict resolution itself.
It results clear that none of these approaches looks reasonable to quantify the state of individuals in a conflict resolution process conducted online. Hence, the following sections depict a new paradigm in which the behaviour of the individuals is analysed in order to infer information about their inner state. Indeed, phenomena such as stress, fatigue or emotions affect not only our physiology but also our behaviours. If we have a way of identifying and measuring behaviours, and if we have a way to relate given behaviours to given states, we may be able to infer the inner state of an individual through the observation of their conduct.
Acquiring Contextual Features from Behavioural Analysis
The study of stress or fatigue, including their causes and symptoms, has been a topic of disciplines such as Medicine or Psychology. Traditionally, data about users is acquired either through self-reporting mechanisms (generally questionnaires), or through the use of physiological sensors. As seen above, both have disadvantages of their own.
In that sense, this section puts forward a new approach based on behavioural analysis. The key idea is to observe, in a non-invasive way, the behaviour of the individuals, and map certain known behaviours to specific states or changes in these states. This approach can thus be put beneath the umbrella of Behavioral Biometrics [40] , and results in a multi-modal approach on the problem of behavioural analysis, where individuals' symptoms are taken as input. Such approaches yield accuracy rates that exceed their unimodal counterparts [17] .
Specifically, we target behaviours that can be observed commonly in a typical scenario of use of an ODR platform without the need to use additional or invasive sensors. In that sense, we consider aspects such as the movement patterns of the user in the environment and the patterns of interaction with devices such as computers (through the mouse and the keyboard), smartphones or touch screens. From these devices, a wide range of features can be extracted that characterize behaviours that, as our previous studies conclude, are significantly affected by stress [14] , [32] .
The following features are extracted from the mentioned devices:
-Touch pattern -this information is acquired from touch screens with support for touch intensity. It represents the way the pressure changes over time, during a touch; -Touch accuracy -the relationship between touches in active controls versus touches in passive areas (e.g. areas without controls, empty areas), where touches are pointless. This information is acquired from touch screens; -Touch intensity -the amount of pressure exerted by the finger on the touch screen. It is analysed in terms of the maximum, minimum and average intensity of each touch; -Touch duration -the time span between the beginning and the end of the touch event. This data is acquired from devices with touch screens; -Amount of movement -its evaluation is provided by the INT3-horus framework. The image-processing stack uses the principles established by [15] , and uses image difference techniques to evaluate the amount of movement between two consecutive frames [16] ; -Acceleration -the acceleration is measured from accelerometers integrated or fitted into the mobile devices, the keyboard or the mouse; -Score -this feature quantifies how well the individual performs on the several tasks he was assigned; -Stressed touches -this feature describes which touches are classified as stressed, according to the shape of the intensity curve; -Key Down Time -the timespan between the pressing down and the release of a key, i.e., for how long was a given key pressed; -Time Between Keys -how long did the individual take to press another key after the previous one was released; -Mouse Velocity -the distance travelled by the mouse (in pixels) over the time (in milliseconds); -Mouse Acceleration -the increase in velocity of the mouse (in pixels/milliseconds) over the time (in milliseconds);
-Time Between Clicks -the time span between each two consecutive clicks; -Double Click Duration -the duration of a double click event, whenever this time span is inferior to 200 milliseconds. Wider time spans are not considered as double clicks; -Average Excess of Distance -the excess of distance, in average, that the pointer travels between each two consecutive clicks of the mouse, when compared to the straight line between the same points which represents the shortest (more efficient) path; -Average Distance of the Mouse to the Straight Line -it measures the average distance of the mouse, between each two consecutive clicks, to the straight line defined by the two consecutive clicks; -Distance of the Mouse to the Straight Line -this feature is similar to the previous one. However, it returns the total of the distance travelled by the mouse rather than a computed average of the mouse's trajectory; -Signed Sum of Angles -here the aim is to determine how much the movement of the mouse turns more to the right or to the left; -Absolute Sum of Angles -this feature is quite similar to the previous one.
However, it seeks to find how much the mouse turned in absolute terms, i.e., without considering the direction; -Distance Between Clicks -it stands for the distance travelled by the mouse (in pixels) between each two consecutive clicks.
These features ensure two things. First of all, their number and different sources increase the availability of sources of data at all times, i.e., the user may stop interacting with the computer but start interacting with the smartphone, and we can acquire meaningful data to characterize their context nonetheless. Secondly, these features provide insights into different modalities affected by stress, namely the physical (through the movement pattern for example), the behavioural (through changes in the typing rhythm) or the cognitive (through measures of score). Its multi-modal nature provides this approach with higher accuracy than uni-modal ones [17] .
In the last two years we have been using this approach to study and understand how stress and fatigue influence our interaction and our behaviour in such environments. Essentially, under small periods of acute stress people become more efficient and perform their tasks quickly and more efficiently. This efficiency tends to drop significantly after some time, depending on the intensity of the stressors. Fatigue, on the other hand, starts to become noticeable through a decrease in the performance and a generalized slowness in the interaction with the devices (e.g. slower mouse velocity, larger keydown time) [14] , [32] , [35] . These findings are not surprising nor exceptionally revealing. Indeed, the importance of this study lies not on such conclusions but on the datasets and models trained that depict how people behave when under certain conditions, that can be used to build an environment that is sensitive to its users' state, in real time.
This classification, in real time, can be crucial for the mediator to accurately understand the state of the parties and take appropriate actions. If the mediator notices that one of the parties is showing significant signs of fatigue, they may advise that party to make a pause, go for a walk or they may even decide to resume the process on the following day. Moreover, a fast and significant change in the level of stress may be indicative of a sudden escalation of the conflict. In this scenario, the mediator may decide to calm down the parties by making a pause, changing the subject or even interrupt the direct contact between the parties. To make this kind of decisions, the mediator may take into consideration raw data and an explanation of its meaning. Figure 1 , for example, depicts a steady increase in the keydown time (from 80ms to 100ms) in the period of a few hours, a clear and known sign of increasing fatigue.
Nonetheless, the potentially large amount of information to consider in each instant and the complex inter-relation between the several sources of information may make it difficult for the mediator to draw the correct conclusions in due time. Moreover, it may overload the mediator with additional tasks and shift their focus of attention from the conflict. In that sense, more refined interfaces are available that provide the high-level knowledge compiled in each instant ( Figure 2 ). This makes it easier for the mediator to perceive the state of the parties. Nonetheless, the mediator still has the possibility to access the more detailed data or even the raw data depicted in Figure 2 ,whenever they fill it is necessary for a better perception of the state of the parties. Fig. 1 . Evolution of the keydown time for a user during a few hours of the day: it increases steadily as fatigue settles in.
Conclusion
Communication tools are turning our daily interactions colder and dehumanized. Our communication process, generally very rich in accessory information, is being significantly simplified to rely on words alone. This leaves aside very important contextual information such as the tone of our voice, the rhythm of speech, our gestures, our body language or our facial expressions. Indeed, many of the times, this contextual information contains more meaning than words themselves. This can be particularly worrying in a domain such as the one of Mediators and disputant parties must take important decisions "in the dark", without having access to the whole gamut of information that would be available in a face-to-face setting. In that sense, we described a conflict resolution framework that has been under development in the last years. Apart from the more traditional services developed in the past (e.g. information retrieval, generation of solutions), we have now been focusing on improving the communication layer of the framework, by including contextual information that is meaningful in a conflict resolution process.
Information and Communication technologies, that have been deemed to bring people closer together, seem to do the exact opposite in some aspects. It is our conviction that approaches such as the one described in this paper, focused on sensing and perceiving the state of the parties, will result in online tools for conflict resolution that actually bring the parties closer to each other, in a human sense rather than in purely practical one.
